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for the reduction of H 2 O 2 , leading to an enzymeless electrochemical sensor with a fast amperometric response time less than 2 s. The corresponding calibration curve of the current response showed a linear detection range of 0.1 mM to 100 mM (R 2 = 0.9992) while the limit of detection was estimated to be 5 µM.
Introduction
Graphene, a one-atom-thick planar sheet of sp 2 -bonded carbon atoms, has attracted tremendous attention due to its unique electrical, mechanical, thermal, and optical properties [1] [2] [3] [4] . These unique properties hold great promise for potential applications in many advanced technologies such as nanoelectronics, sensors, capacitors and composites [5] [6] [7] [8] . At present, graphene sheets have been prepared by a variety of techniques, including micromechanical exfoliation of graphite, chemical vapour deposition, electrochemical reduction of graphene oxide, epitaxial growth and thermal or chemical reduction of graphite oxide [1; 9-13] . Among these methods, electrochemical reduction of graphene oxide has the distinctions of being a simple, fast and environmentally-friendly approach.
Graphene's favorable characteristics such as high electrical conductivity, large surfaceto-volume ratio and excellent chemical tolerance make it an attractive matrix for composites. In view of this, metal nanoparticle-decorated graphene composites have thus been the focus of research for scientists in recent years due to their multifunctional abilities. Among them, silvernanoparticle (AgNP)-decorated graphene composites consistently remain a frequently researched composite since they are effective for various applications such as surface-enhanced Raman scattering (SERS) substrate, glucose sensors and hydrogen peroxide sensors [14] [15] [16] .
Immobilization of AgNPs on graphene can be accomplished using a myriad of methods including photochemical strategies, rapid thermal treatment, microwaves, etc. [17] [18] [19] [20] [21] which is desirable as this indicates versatility. Several types of nanoparticles have been electrodeposited on graphene [22; 23] , but to the best of our knowledge, there are no published articles on silver nanoparticles. As such, we report herein, an easy, fast, one-step, cost-effective and environmentally-friendly synthesis of AgNP-decorated graphene nanosheets on ITO coated glass slides using a cyclic voltammetry (CV) method that does not involve a chemical reducing agent.
Experimental

Materials
Graphite flakes were purchased from Ashbury Inc. (NJ,USA was obtained from Sigma-Aldrich. Distilled water was used throughout the sample preparation.
Fabrication of AgNPs-rGO/ITO
GO was prepared by a simplified Hummers' method [24] . 
Characterization
The crystal phase, morphology and microstructure of the samples were characterized by X-ray powder diffraction (XRD; Philips X'pert system using Cu K α radiation), field emission scanning electron microscope (FESEM; FEI Nova NanoSEM 400 operated at 10.0 kV), a Fourier transform infrared spectrometer (FTIR; Perkin Elmer System 2000 series spectrophotometer, USA), and a Raman spectrometer (Renishaw inVia Raman microscope using laser excitation at λ = 514 nm). Figures 4a and 4b show the FTIR spectra of pristine GO and AgNPs-rGO composite, respectively. For GO, the broad peak centred at 3227 cm -1 is attributed to the O-H stretching vibrations while the peaks at 1734, 1622, 1367, and 1225 are assigned to C=O stretching, sp 2 -hybridized C=C group and O-H bending, C-OH stretching and C-O-C stretching, respectively [30] . In addition, the peaks at 1161 and 1041 cm -1 can be attributed to C-O vibration of epoxy or alkoxy groups [31] . For the AgNPs-rGO composite, the peaks at 1642, 1418, 2853, and 2925 cm -1 are assigned to the sp 2 -hybridized C=C group and O-H bending, O-H deformation, as well as symmetric and asymmetric stretching vibration of CH 2 groups, respectively [30] . The peak at -1 for GO is absent for AgNPs-rGO, which indicates that the carbonyl group was removed upon the electrochemical reduction [10] . The noticeable decrease in the intensity of the peak at 1642 cm -1 implies that a large fraction of the O-H groups was removed [31] . The broad peak at 3300 cm -1 for AgNPs-rGO composite might be attributed to the O-H stretching vibration of absorbed water molecules. Figures 5a and 5b show the Raman spectra for pristine GO and the AgNPs-rGO composites, respectively. The Raman spectra of GO show two peaks at 1349 and 1600 cm -1 , which correspond to the D and G bands, respectively. The D band is assigned to the breathing mode of A 1g symmetry involving phonons near the K zone boundary. Meanwhile, the G band is assigned to the E 2g mode of sp 2 -bonded carbon atoms [32] . In comparison to the GO, the Raman spectrum of AgNPs-rGO indicates that the D and G bands shifted to lower wavenumbers at 1347
Results and Discussion
and 1596 cm -1 , respectively. This is due to the reduction of GO during the electrodeposition process [33; 34] . In addition, the Raman spectrum of AgNPs-rGO shows a slightly greater I(D)/I(G) intensity ratio (0.95) than that of GO (0.87). The embedment of AgNPs on graphene nanosheets may reduce the average size of in-plane sp 2 domains as they encompass a larger degree of surface area of nanometer size when compared to the molecular-sized oxygenous groups of GO. Moreover, the intensity peaks of the D and G bands were enhanced in the case of AgNPs-rGO due to the surface-enhanced Raman scattering effect of AgNPs, which is about 1700% greater than that of GO [35] . + ions than AgNO 3 , leading to creation of more initial nucleation sites [17] , and 2) Ag(NH 3 ) 2 OH has a higher stability than AgNO 3 and resists reduction, hindering the growth of Ag into large particles [27] . The formation mechanism of AgNPs-rGO via electrodeposition is shown in Figure 7 .
Dispersed GO sheets in water are negatively-charged due to the ionization of carboxyl and hydroxyl groups on the surface of GO [36] (Figure 7a ). This causes the positively-charged consists of smaller AgNPs formed on the surface of graphene nanosheets, which results in higher surface area and higher catalytic activity. Among all the AgNPs-rGO/ITO electrodes prepared by using Ag(NH 3 ) 2 OH complex, the AgNPs-rGO-2/ITO electrode demonstrates the highest catalytic activity. The plausible reason is that the AgNPs-rGO-2/ITO electrode has higher particle density than AgNPs-rGO-1/ITO electrode and although it has lower particle density than AgNPs-rGO-3/ITO electrode, it consists of smaller AgNPs. These results are consistent with a previous study [37] , which implies that electrocatalytic activity of silver nanoparticles decreases with increasing particle size and increases with increasing particle density. The reduction peak of all the AgNPsrGO/ITO electrodes increases in current and shifts to the positive potential as the size and density of AgNPs are increased [37; 38] . Therefore, the CV profiles corroborate the observations from the above FESEM images. Table 1 , the present AgNPs-rGO/ITO electrode is capable of affording favorable detection limit and linear range for sensing of H 2 O 2 . 
Conclusion
Silver-nanoparticle (AgNP)-decorated reduced graphene oxide (rGO) was successfully electrodeposited on ITO coated glass slides by a CV method without using any reducing agent. It was established that the silver ammonia complex was the key component to achieving welldistributed AgNPs with small and narrow size distribution decorated on reduced graphene sheets.
Our method essentially provides an easy, one-step, environmentally-friendly and cost-effective fabrication of AgNPs-rGO/ITO electrodes as an enzymeless electrochemical sensor of hydrogen peroxide.
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